: SSR DNA marker aided genetic diversity assessment of selected willow clones. Genetika, Vol 45, No. 2,[527][528][529][530][531][532][533][534][535][536] Around 100 clones of tree willows were subjected for nursery screening twice on morphometric traits. Genetic diversity was assessed in twenty-five genetically superior willow clones hailing from six countries using 16 SSR primers. Fourteen primers amplified the DNA but only ten showed polymorphism. Total 34 bands were scored, out of that 27 were found to be polymorphic and 7 were monomorphic. Three primers showed 100% polymorphism whereas 79.4% polymorphism was recorded in total. The dendrogram obtained from SSR markers revealed that clone SE-69-002 (S. matsudana) and NZ-1040 (S. matsudana X S. alba) as most similar clones (Jaccards coefficient of 0.97), and clone PN-721(S. matsudana X S. alba) and PN-731 (S. nigra), as most divergent clones (Jaccards coefficient of 0.63). All the genotypes were grouped into 4 distinct clusters. On the basis of similarity coefficient analysis the first cluster comprised of 11 genotypes, the second cluster have 8 genotypes where as third one has only one genotype and fourth cluster retained five genotypes. The clustering pattern further indicated that the geographic distribution may not be the reflection of genetic diversity in willow clones. Genotypes with high molecular diversity could be used in breeding programme in order to obtain heterotic hybrids and development of gene pools with broad genetic base. The genotype specific bands developed by the SSR primers could also be used for identification of cultivar.
INTRODUCTION
Willows are widely cultivated as biomass crops in temperate and sub tropical regions because of their potential for high productivity in short rotation, ease of vegetative propagation, and ability to coppice after multiple harvests. An added feature present in willow coupled with large genetic diversity present in the genus, which allows many willow species to crosshybridize, giving a rich plant resource for genetic improvement. Willow tree is model species for number of experiments ranging from propagation, phytoremediation, physiological aspects, breeding and molecular aided selection based on quantitative trait loci.
The genus Salix comprises about 350-500 species worldwide (TRYBUSH ,2008) and is one of the most important taxonomic entities of the world because of the great number of species and varieties, widespread both in the boreal and austral hemisphere. 33 species are reported from India and only 8 species are of tree form, rest are in the shrub or herb mostly found in temperate areas. However, three species namely S. tetrasperma, S. babylonica and S. alba are grown in tropical and subtropical areas (SAINI 2002). Most of the species of the genus Salix (willows) have two remarkable characteristics that promote their cultivation. One of them is that they are adapted to thrive in flooding environments, and the other is their easy vegetative propagation.
Salix species easily hybridise in comparison to other genera of trees. In addition to the naturally occurring hybrids in various parts of the world, a lot of work has been reported on artificial controlled crossing in order to provide hybrids which pose difficult task for identification at the morphological level. Natural hybridization is supported by dioecism and is affected by diverse flowering phenologies in different Salix species, which provide ample opportunity in producing heterogenous and heterozygous population. Large scale collection, evaluation and distribution of superior willow clones and interspecific hybrids are necessary for increasing biomass production (ZSUFFA, 1986) . With view to augment new and promising genotypes in dry temperate region of Himachal Pradesh where willow cultivation is the backbone of tribal's survival on number of accounts, on one hand and selection of few clones to integrate in agroforestry in lower regions of the state on the other. Around 200 clones of willows comprising trees and shrubs form were procured from different countries and screened in nursery (JOSHI, 2009) .
Salix tree improvement projects are in progress around the world because willows are used in many different ways. Research mission at our university include the study of willow taxonomy, morphology, physiology, cultivation practices, control breeding, molecular fingerprinting and genome mapping (KUZOVKINA, 2008) . Large scale collection, evaluation and distribution of superior willow clones and interspecific hybrids are necessary for increasing biomass production. In such collection, evaluation and distribution process, proper identification of species and clones is essential. In addition to various uses of willow right from phytoremidiation to construction timber, white willow (S. alba) is main source for cricket bat and artificial limbs in the country (GUPTA, 2009) .
Molecular markers specially SSR are being applied to a greater extent in forest trees to study genetic diversity and which contributes about 19% of the total molecular markers used in forest biotechnological activities (FAO,. 2004 ). In Salix various molecular markers viz., RAPD, SSR, AFLP have been used to assess genetic diversity in germplasm collection (TRYBUSH, 2008; GUPTA, 2009; BARKER, 1999; BARKER, 2003; LIN, 1994; LIN and LAWRENCE, 2003; LIN and SMART, 2005) and for germplasm characterization. However, the clones selected in the present study were not studied earlier for genetic diversity. The present investigation was undertaken with the objective of estimation of molecular diversity using SSR markers.
MATERIALS AND METHODS

Plant material
Twenty five superior clones of tree willow (Table 1) were selected for the present study on the basis of repeated nursery screening. These represent six countries viz. U.K., Italy, New Zealand, Croatia and India. The cuttings of these clones were planted in Feb 2008 for final nursery evaluation. 
DNA extraction
Young leaves were collected from each clone in July 2008 and nuclear DNA was extracted from a modified protocol (DOYLE and DOYLE, 1987) using cetyl-trimethyl ammonium bromide (CTAB). Purification was done twice with extraction of phenol: chloroform: isoamyl alcohol (25:24:1), RNAse @ 5µl from 10mg/ml stock was applied to get rid of RNA. The quality of DNA was tested on 0.8% agarose gel (Genei Bangalore, Bangalore India) and quantification was done using Perkin Elmer UV/VIS spectrophotometer and diluted to 5ng/µl for further PCR amplification using CR Corbett thermocycler. (Table 2) , among them 10 primers had given distinct polymorphism (Table 3) . PCR mixture of 25µl contained 20ng of genomic DNA template, 0.6 unit of Taq DNA polymerase (Genei Bangalore, Bangalore India), 2.5µl of 10X Taq buffer (50mM MgCl2, 10mM Tris-Cl), 1.25µl of pooled dNTP's (2.5mM), 20ng of each reverse and forward primer (Genei Bangalore, Bangalore India). PCR conditions used for SSR amplification were initial denaturation at 94 0 C for 3min followed by 35 cycles of amplification (denaturation at 94 0 C for 45 sec, annealing of primer ranged from 55 -60 0 C for 1min and primer amplification at 72 0 C for 2 min) and final extension at 72 0 C for 20 min. The amplified products were separated by agarose (2.5%) gel electrophoresis and photographed in Alpha imager gel documentation system. 100bp DNA(Genei Bangalore, Bangalore India) mass ladder (range 1500-100bp) was used as molecular weight markers. DNA bands were scored for its presence/absence (1/0) for each primer genotype combination. Software NTSYS-pc version 2.02 [14] was used for estimation of genetic relatedness among the clones using Jaccard's similarity (Table 4) RESULTS AND DISCUSSION Out of 16 primers tested, 10 SSR primers showed polymorphism and provided proper amplification pattern and selected for further analysis Fig 1(a) & Fig 1(b) . Out of these ten primers, one primer (SB-80) exhibited unique band present only in clone SE-75-001 from Italy [Fig 1(a) ]. A total of 34 amplified products were obtained with an average of 3.4 amplicons/primer, out of which 27 (79.4%) bands were polymorphic. The number of SSR markers generated per primer varied from 2 to 10 because of the primer sequence and due to individual genotype (Table 1 and 2). This is consistent with the studies carried out in willow clones (BARKER, 1999; LIN, 1994 ) and on Populus trichocarpa (TUSKAN, 2004) and the use of poplar micro-satellites DNA markers in willow (RAJORA and RAHMAN, 200) . Similarly spatial genetic structure and diversity of alpine Salix species was assessed by microsatellite (simple sequence repeat; SSR) analysis. SSR analysis, based on three loci and 16 alleles, revealed 24 different genotypes and a proportion of distinguishable genotypes of 0.18 (CHRISTOPH, 2007) . In order to quantify the level of polymorphism detected through Jaccards estimate of similarity coefficients based on the probability that an amplified fragment from one plant will also be found in another was used to generate a similarity matrix. All genotypes fall in the range of 0.63 to 0.97 (Table 4) . Fig 1(a) SSR fingerprints of willow clones using Primer SB-80 Fig. 1(b) SSR fingerprints of willow clones using Primer SB-100
The similarity coefficient values were highest (0.97) between the genotypes SE-69-002 and NZ-1040 followed by Kashmir willow and V-311 (0.94). Thus these genotypes showed maximum degree of similarity in their genetic makeup. However the minimum values of similarity coefficient (0.63) were observed between PN-731and PN-721 followed by Kashmir willow and 795 (0.65), 799 and V-99 (0.68). Thus these genotypes were found highly diverse. The crossing among these genotypes would likely to produce heterotic individuals and could be used in heterosis breeding. This is consistent with the results obtained after testing genetic relatedness among weevil resistant Medicago species and Indian susceptible cultivars of Lucerne using RAPD and SSR markers. SSR based dendrogram showed more closeness of accessions to each other than the RAPD based dendrogram. (CHANDRA and PANDEY,2008) .
The dendrogram (Fig 2) divides all the clones into four main clusters based on combined scores of all the 10 primers. Clusters indicated that the SSR could be a good choice to classify the genotypes (SINGH, 2008) . Cluster I comprises of three sub clusters, sub cluster one includes exhibited 93 percent similarity, overall this sub cluster showed 88 percent similarity with other M T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22 T23 T24 T25   200bp   M T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22 T23 T24 T25   200bp clones of cluster I. Sub cluster two comprises of 4 clones viz., 212/03, V-99, 84/11 & SI-64-017, which showed 86 percent. And both these sub clusters collectively exhibited 83 percent similarity with rest of the clones of cluster I. Clone MB-368 & NZ-1140 comprises sub cluster three, which exhibited 77 percent similarity with other two sub clusters of main cluster I. Cluster II comprises of two sub clusters. Clone PN-227, PN-731, V-311 and Kashmir willow were grouped in sub cluster one, which collectively exhibited 82 percent similarity. Sub cluster two comprises of clone NZ-1040, SE-69-002, NZ-1130 and SE-75-001. NZ-1040 & SE-69-002 were recorded highest similarity of 97 percent and sub cluster as a whole exhibited 84 percent similarity and 78 percent similarity with sub cluster I. Cluster III comprises of only one clone NZ-1002 which showed 68 percent similarity with cluster IV and it is most divergent clone. Genotypes 795, NZ-1179, 799, 131/25 & PN-721 were placed together to form cluster IV. Cluster IV along with cluster III, collectively exhibited 67 percent similarity with rest of the clusters. CONCLUSIONS SSR analysis is reliable for estimating the extent of genetic diversity at molecular level. However, growth performance of clones in nursery do not correspond with molecular diversity of the genotypes, Primer SB-80 provided unique band specific to clone SE-75-001. On the basis of banding pattern SSR, was effectively used for molecular characterization of willow clones in the study. Five clones of S. alba irrespective of their origin, were found in cluster one where as the sixth one that is S. alba cv culva which is hybrid clone of S. alba was placed in the cluster II. It shows 94% similarity with S. matsudana (V-311, T23). Originally S. matsudana, S. Jessoensis and S. babylonica belong to China and these are closely allied species [20] . Interestingly S. nigra belongs to Eastern USA, clone (PN-733) is registered in cluster one and other PN-731 in cluster II respectively where as the clone of S. jessoensis (SE-63-016) exhibited close similarity value of 94% with S. nigra (PN-733). It was further revealed that most of the hybrids originated from the cross of S. alba and S. matsudana or clones of S. matsudana alone are found grouped either in cluster II or IV. Clone NZ-1002 (S. matsudana X S. alba) did not fall in either cluster, it was found as most divergent clone. The clustering pattern further indicated that the geographic distribution may not be the real indication of genetic diversity in willow clones. This could be due to frequent exchange of plant material all over the world and used for the tree breeding programmes. The crossing among highly diverse genotypes would likely to produce heterotic individuals and could be used further in heterosis breeding and willow improvement programme.
